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H[KLELWHG KLJKHU 6&& UHVLVWDQFH WKDQ 7 WHPSHU DW )&3 EXW ERWK WHPSHUV DUH GDPDJLQJ DW DSSOLHG SRWHQWLDOV 7(0
PLFURVWUXFWXUHV6(0IUDFWRJUDSKVDQGFUDFNPRUSKRORJ\DUHXVHGWRDQDO\]H6&& EHKDYLRXURIWKHDOOR\WHPSHUV
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GHYHORSSURSHU DJHLQJ VFKHGXOHV WRRSWLPL]HERWK VWUHQJWK DQG6&& UHVLVWDQFHRI WKH$O=Q0J&XDOOR\V &LQD
 /LQHWDO 2XHWDO&KHQHWDO/L HWDO
5HFHQWO\ D QRYHO DJHLQJ WUHDWPHQW WHUPHG DV LQWHUUXSWHG DJHLQJ 7, KDV EHHQ GHYHORSHG LQ ZKLFK D
FRQYHQWLRQDOVLQJOHVWDJH LVRWKHUPDOO\DJHGSHDNDJHG7DOOR\WHPSHULV LQWHUUXSWHGE\KROGLQJWKHDOOR\DWD
ORZHU WHPSHUDWXUH R&R& IRU D SURORQJ SHULRG RI WLPH DQG WKHQ WKH DUWLILFLDO DJHLQJ LV UHVXPHG DIWHU WKH
LQWHUUXSWLRQ%XKDHWDO
,WKDVEHHQUHSRUWHGWKDWLQWHUUXSWHGDJHGWHPSHU7,FRXOGLPSURYHGWKHVWUHQJWKKDUGQHVVDQGWRXJKQHVV
RI WKHPDQ\ DOXPLQLXP DOOR\ V\VWHPV /XPOH\ HW DO /XPOH\ HW DO   )RU D VSHFLILF FRQGLWLRQ WKLV
WUHDWPHQWKDVEHHQYHU\HIIHFWLYHIRULPSURYHPHQWLQVWUHQJWKOHYHOFRPSDUHGWRDVREWDLQHGYLDDVWDQGDUGVLQJOH








$  $O=Q0J&X DOXPLQLXP DOOR\ LQ SODWH IRUP RI  PP WKLFN ZDV REWDLQHG IURP 8QLYHUVLW\ RI
6RXWKWRPWRQ 8. IRU WHVWLQJ 7KH FKHPLFDO FRPSRVLWLRQ ZW  RI WKH DOOR\ LV =Qí 0Jí &Xí
=Uí)Hí6LíDQG$OíEDODQFH7KHDOOR\SODWHZDVIXUWKHUUHGXFHGLQRXUODERUDWRU\WRDERXWPP


















+57(0 0RGHO -(0 -(2/ PDNH -DSDQ RSHUDWHG DW  N9 ZDV XVHG WR REVHUYH WKH PLFURVWUXFWXUDO
IHDWXUHVSUHFLSLWDWHVDQGVHFRQGSKDVHSDUWLFOHVHWFRIYDULRXVDOOR\WHPSHUV
6WUHVVFRUURVLRQFUDFNLQJ6&&
6ORZVWUDLQUDWH WHVWV 6657ZHUHFDUULHGRXWXVLQJDFRQVWDQWH[WHQVLRQUDWH WHVW &(57XQLW 06&RU7HVW
,QF2KLR86$WRHYDOXDWHWKH6&&EHKDYLRXURIWKHDOOR\RIYDULRXVWHPSHUVDVSHUWKH $670*
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VWDQGDUG 7HVWZHUHSHUIRUPHGDW DQLQLWLDOVWUDLQUDWHRIa;í Ví LQDLUDQGLQQDWXUDOO\DHUDWHGDTXHRXV 





VROXWLRQ ZLWKLQ ZKLFK WKH  JDXJH SRUWLRQ RI WKH VSHFLPHQ DFWHG DV ZRUNLQJ HOHFWURGH ZDV UHPDLQ LPPHUVHG








WKH ORQJ WUDQVYHUVH /7 DQG VKRUW WUDQVYHUVH 67 GLUHFWLRQV WKH JUDLQV DUH KLJKO\ HORQJDWHG DQG DSSHDUHG DV
SDQFDNHVKDSH 7KHPLFURVWUXFWXUHRIWKHDOOR\LQWKHORQJLWXGLQDO/GLUHFWLRQH[KLELWVJUDLQVVL]HVRI PP
















 SUHFLSLWDWHV LQ WKH DOOR\PDWUL[+RZHYHU WKH GHFUHDVH RI KDUGQHVV YDOXH DW ORQJHU DJHLQJ WLPH LV GXH WR
JUDGXDO WUDQVIRUPDWLRQ RI WKH PHWDVWDEOH Ș
 SKDVHV WR WKH VWDEOH Ș 0J=Q SKDVHV DQG VXEVHTXHQW JURZWK RI Ș

SUHFLSLWDWHV )LJEVKRZVWKHDJHKDUGHQLQJFXUYHVLQVHPLORJVFDOHRIWKHDOOR\XSRQLVRWKHUPDODQGLQWHUUXSWHG
DJHLQJ7KH LQLWLDOPLQXWHVRIDJHLQJLHXQGHUDJHLQJVWDWH LQGXFHVVXEVWDQWLDOKDUGHQLQJRI WKHSHDN
,QWHUPHWDOOLFSDUWLFOHV
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KDUGQHVVDQGWKHKDUGQHVVLVLQFUHDVHGIXUWKHUWRQHDUO\RIWKHSHDNKDUGQHVVDIWHUWKHORZWHPSHUDWXUHDJHLQJ
VHFRQGDU\ DJHLQJ DW  R& IRU  GD\V 7KH ILQDO UHDJHLQJ  DW  R& UHVXOWHG LQ IXUWKHU KDUGHQLQJ ZLWK DQ
DWWDLQPHQW RI KDUGQHVV  YDOXHV ZKLFK KDV H[FHHGHG E\ DERXW DSSUR[LPDWHO\   WKH KDUGQHVV YDOXH RI WKH
FRQYHQWLRQDOSHDNDJHG7WHPSHU
























)LJ D 9DULDWLRQ RI KDUGQHVV RI WKH  DOOR\ GXULQJ
LVRWKHUPDODJHLQJ













































KDYLQJVL]HVLQWKHUDQJHRI  QPLQGLDPHWHU 7KHVHGLVSHUVRLGVDUHSUHVHQWLQDOOWKHWHPSHUVRIWKHDOOR\DV
WKH\DUHVWDEOHDQGUHPDLQXQGLVVROYHGGXULQJVROXWLRQLVLQJDQGDJHLQJWUHDWPHQWV7KHGLVSHUVLRQVRIWKHVHSDUWLFOHV
DUH YHU\ HIIHFWLYH LQ SLQQLQJ WKH PRYHPHQW RI JUDLQ DQG VXEJUDLQ ERXQGDULHV GXULQJ WKHUPDO DQG PHFKDQLFDO
SURFHVVLQJDQGWKXVLQKLELWLQJUHFU\VWDOOL]DWLRQ
7KH DOWHUDWLRQ LQ PLFURVWUXFWXUH RI WKH 7, WHPSHU LV PDLQO\ DVVRFLDWHG ZLWK WKH VHFRQGDU\ SUHFLSLWDWLRQ




DJHLQJ WHPSHU 7,ZDVREWDLQHGE\DGDSWLQJ WKUHHVWHSDJLQJ WUHDWPHQW'XULQJ WKHSUHDJLQJDW& IRU
PLQ XQGHUDJHLQJ WKHSKDVHVQXFOHDWHGZLWKLQ WKHJUDLQ7KHQGXULQJ WKH LQWHUUXSWHGDJLQJSURFHVVDW&IRU
SURORQJHGWLPHKGXHWRJUHDWHUVXSHUVDWXUDWLRQGHJUHHDJUHDWHUQXPEHURIILQHDQGPRUHGHQVHO\GLVSHUVHG
SUHFLSLWDWHV KDYH IRUPHG LQVLGH WKHJUDLQV DQG ILQDOO\GXULQJ UHDJLQJSURFHVV DW & IRU K WKHUH LV KLJKHU
YROXPHIUDFWLRQRIPDWUL[SUHFLSLWDWHLQWKHILQDOPLFURVWUXFWXUHRIWKH7,WHPSHU
7KH LQWHUUXSWHG DJHLQJ WUHDWPHQW KDV QRW RQO\ DOWHUHG WKH PLFURVWUXFWXUDO IHDWXUHV LQVLGH WKH JUDLQV EXW DOVR
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FKDQJHG WKH GLVWULEXWLRQ RI JUDLQ ERXQGDU\ SUHFLSLWDWHV 'XULQJ WKH SUHDJLQJ DW & IRU  PLQ YHU\ ILQH Ș
SUHFLSLWDWHVKDYHIRUPHGDORQJWKHJUDLQERXQGDU\7KHQGXULQJWKHLQWHUUXSWHGDJLQJSURFHVVDW&IRUKWKH
SUHFLSLWDWHVDFFXPXODWHGDORQJJUDLQERXQGDU\$IWHUWKDWGXULQJILQDODJHLQJDW&IRUKWKHȘSUHFLSLWDWHV
KDYH VOLJKWO\ FRDUVHQHG LQ VL]H DQG EHFRPH ZHOO VHSDUDWHG DPRQJ HDFK RWKHU DV VHHQ LQ )LJ FG 7KXV WKH
PLFURVWUXFWXUH RI 7, WHPSHU FRQWDLQV D YHU\ ILQH DQG QXPHURXV Ș
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JLYHVWKH6657WHQVLOHSURSHUWLHVRIWKHDOOR\WHPSHUVWHVWHGLQWKHPHGLD
7KHUHDUHPDQ\ZD\V WR LQGH[6&&VXVFHSWLELOLW\ LH WLPH WR IDLOXUH UDWLR IUDFWXUH HQHUJ\ UDWLRDQGGXFWLOLW\
UDWLR UDWLR 9HQXJRSDO HW DO  6DL HW DO  'HQJ HW DO  7KH 6&& VXVFHSWLELOLW\ LQGH[ ,6&& LV
FDOFXODWHGXVLQJWKHUDWLRRI 3HQY WR 3DLU ZKHUH 3HQY DQG 3DLU DUHWKHYDOXHVRIPHDVXUHGSURSHUW\LQFRUURVLYHPHGLD
DQG LQ DLU UHVSHFWLYHO\ 7KHPHDVXUHG SURSHUWLHV DUH VWUDLQ WR IUDFWXUH İI IUDFWXUH HQHUJ\ )( DQG WLPH WR
IUDFWXUHWI,QWKLVSUHVHQWSDSHUWKHDXWKRUV SUHVHQWHGWKH6&&VXVFHSWLELOLW\LQGH[,6&&E\ GXFWLOLW\UDWLR'5
LHWKHUDWLRRIVWUDLQWRIUDFWXUHLQHQYLURQPHQWİHQYWRVWUDLQWRIUDFWXUHLQDLUİDLUDQGOLNHZLVHIUDFWXUHHQHUJ\
)( UDWLRDQGWLPHWRIUDFWXUH WI UDWLR ZKLFKDUHOLVWHG LQ7DEOH,QJHQHUDO WKHKLJKHUWKHYDOXHRI GXFWLOLW\
UDWLR '5 WLPHWRIUDFWXUHWIUDWLRDQGIUDFWXUHHQHUJ\)(UDWLR WKHJUHDWHULVWKHUHVLVWDQFHWR6&&






























































































İ HQY İ DLU
'5























































7KH LPSURYHPHQW RI 6&& UHVLVWDQFH LV DWWULEXWHG WR WKH FKDQJHV LQ WKH JUDLQ ERXQGDU\ SUHFLSLWDWHV VL]H DQG
GLVWULEXWLRQ )LJ F DQG )LJ G XSRQ LQWHUUXSWHG DJHLQJ 7KH Ș 0J=Q SUHFLSLWDWHV ORFDWHG DORQJ WKH JUDLQ
ERXQGDULHV RI WKH DOOR\ DUHPRUH HOHFWURFKHPLFDOO\ DFWLYH WKDQ WKH ĮPDWUL[ 0DUODXG HW DO %LUELOL HW DO
 .QLJKW HW DO  :KHQ WKH 7 WHPSHU ZDV H[SRVHG WR FRUURVLYH HQYLURQPHQW WKH Ș SUHFLSLWDWHV
SUHIHUHQWLDOO\ GLVVROYHG GXH WR WKH JDOYDQLF UHDFWLRQ EHWZHHQ WKH Ș SUHFLSLWDWHV DQG DGMDFHQW DOOR\ PDWUL[ DQG
UHVXOWHGLQDQDFWLYHFRUURVLRQSDWK7KHJDOYDQLFDOO\FRUURGHGUHJLRQVLHGLVVROYHGFRQWLQXRXVSUHFLSLWDWHVXQGHU
DSSOLHG ORDGLQJ GXULQJ 6657 DFWHG DV FUDFN LQLWLDWLRQ VLWHV DQG FUDFN SURSDJDWLRQ SDWK DV ZHOO OHDGLQJ WR
LQWHUJUDQXODUVWUHVVFRUURVLRQFUDFNLQJ,*6&&+RZHYHU WKHFRDUVHDQGZLGHO\VSDFHGȘSUHFLSLWDWHVGLVWULEXWHG




SRWHQWLDOV DV REVHUYHG LQ )LJ DE DQG GDWDPHQWLRQHG LQ7DEOH 7KLV VXJJHVWV WKDW WKH DSSOLHG DQRGLF RYHU
YROWDJHVKDYHVHYHUHHIIHFWWR6&&LQERWKWKHDOOR\WHPSHUV$WDSSOLHGDQRGLFRYHUYROWDJHPHWDOLRQGLVVROXWLRQ
LV WKHPRVWSURPLQHQW UHDFWLRQ WKDW OHDGV WR6&&SURFHVV)XUWKHU DW DSSOLHGDQRGLFRYHUYROWDJHDSDUW IURP WKH
GLVVROXWLRQRIJUDLQERXQGDU\SUHFLSLWDWHVWKHSUHFLSLWDWHVSUHVHQWLQWKHPDWUL[DOVRJHWGLVVROYHG7KHUHIRUHLWFDQ






QXPHURXVGLPSOHV LQ VRPHRI WKHJUDLQVDVZHOO7KHRYHUDOO IUDFWXUH VXUIDFH ORRNV OLNHD URFNFDQG\ W\SHEULWWOH
LQWHUJUDQXODU IUDFWXUHDSSHDUDQFH ,Q WKLV IUDFWRJUDSK LQWHUJUDQXODUFUDFNVVHSDUDWLQJ WKHHORQJDWHGSDQFDNHVKDSH
JUDLQV DUH FOHDUO\ YLVLEOH+RZHYHU WKH IUDFWRJUDSK RI7, WHPSHU )LJ E GLVSOD\VPL[HGPRGH W\SH IUDFWXUH
IHDWXUHV7KHUHDUHQRVLJQVRI LQWHUJUDQXODUFUDFNLQJGLVWLQFWFOHDYDJHIDFHWV EDUULQJD IHZJUDLQVVKRZLQJVXFK





ORZ PDJQLILFDWLRQ JLYHV D JHQHUDO YLHZ RI WKH IUDFWXUH VXUIDFH DQG )LJ E H[KLELWV KHDYLO\ GLVVROYHG DUHD DQG
SURPLQHQWLQWHUJUDQXODUFUDFNVDVZHOO









IURP WKH LQWHUJUDQXODUO\ GHQXGHG UHJLRQV LH IURP WKH SUHIHUHQWLDO GLVVROXWLRQ RI DQRGLF JUDLQ ERXQGDU\
SUHFLSLWDWHVUHJLRQV)XUWKHU )LJ F VDPSOH LV OLJKWO\SROLVKHG DQG HWFKHG UHYHDOV QXPHURXV ILQH FRUURVLRQSLWV
ZLWKLQ WKH JUDLQV DQG DORQJ WKH JUDLQ ERXQGDULHV DV ZHOO &ORVH REVHUYDWLRQ RI WKH SKRWRJUDSK UHYHDOV WKDW WKH
QXPEHURISLWVLHPLFURVFRSLFDOO\GLVVROYHGUHJLRQVDUHPD[LPXPDORQJWKHJUDLQERXQGDULHV7KHVHSLWVDFWHGDV
FUDFN LQLWLDWLRQ VLWHV XQGHU ORDGLQJ GXULQJ VORZ VWUDLQ UDWH WHVWLQJ )XUWKHU WKH SKRWRJUDSK VKRZV WKH FUDFN



















9DULDWLRQ RI KDUGQHVV RI D  $O=Q0J&X DOOR\ DW  R& IRU YDU\LQJ WLPH H[KLELWHG WKH FKDUDFWHULVWLF
SUHFLSLWDWLRQ KDUGHQLQJ SKHQRPHQD DQG DWWDLQHGPD[LPXP KDUGQHVV DW DURXQG  K ,QWHUUXSWHG DJHLQJ VFKHGXOH
DSSOLHGWRWKHDOOR\UHVXOWHGLQREWDLQLQJKDUGQHVVYDOXHVOLJKWO\KLJKHURUFORVHWRWKHKDUGQHVVRILVRWKHUPDOSHDN
DJHG7WHPSHU6657UHVXOWVLQGLFDWHGWKDW7,WHPSHUKDYHKLJKHUUHVLVWDQFHWRVWUHVVFRUURVLRQFUDFNLQJ6&&
FRPSDUHG WR WKDW RI7 WHPSHU LQZW1D&O VROXWLRQ DW IUHH FRUURVLRQSRWHQWLDO )&3+RZHYHU DW DSSOLHG
DQRGLF SRWHQWLDOV ERWK WKH DOOR\ WHPSHUV DUH VHYHUHO\ VXVFHSWLEOH WR 6&& /RFDO DQRGLF GLVVROXWLRQ /$' LV
VXJJHVWHGWREHWKHPHFKDQLVPIRUWKH6&&SURFHVV
7(0PLFURJUDSKVRI WKH7DQG7, WHPSHUVH[KLELWHGYHU\ ILQHȘ
SUHFLSLWDWHVZLWKLQ WKHPDWUL[ ,Q WKH7
WHPSHUWKHȘSUHFLSLWDWHVDUHYHU\FORVHWRHDFKRWKHUDQGFRQWLQXRXVO\GLVWULEXWHGDORQJWKHJUDLQERXQGDU\%XWLQ
WKH7,WHPSHUWKHȘSUHFLSLWDWHVZHUHGLVFUHWHLQQDWXUHDQGGLVWULEXWHGGLVFRQWLQXRXVO\DORQJWKHJUDLQERXQGDU\
ZKLFK GLG QRW DFW DV DQ DFWLYH LQWHUJUDQXODU FRUURVLRQ SDWK DFFRXQWLQJ IRU WKH LPSURYHG 6&& UHVLVWDQFH 7KH
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